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Summary and Concluding remarks
SLMMARY
Colorectal cancer (cancer of the large intestine) is the second most common
cause of cancer deaths in Western countries. Epidemiological studies suggest that
environmental factors, and in particular dietary habits, play an important role in the
etiology of colorectal cancer. A positive association was found between the dietary
intake of saturated fat and the incidence of colorectal cancer, whereas a negative
association was found for dietary calcium. To explain these associations, it was
hypothesized that dietary fat increases the concentrations of soluble bile acids and fatty
acids in the colonic lurnen. These hydrophobic surfactants are highly irritating to the
colonic epithelium. Damage of the colonic epithelium is compensated by an increased
proliferation, which may increase the risk of colorectal cancer. With regard to the
protective effect of dietary calcium, two hypotheses were proposed. They both state
that calcium binds colonic bile acids and fatty acids, which decreases their cytolytic
potency. Consequently, epithelial cell damage and epithelial proliferation are
decreased. Howver, these two hypotheses differ in the role of phosphate. Newmark,
Wargovich and Bruce proposed that only ionized calcium binds bile acids and fatty
acids. Thus, dietary phosphate would counteract the protective effects of dietary
calciurn, because phosphate can also bind calcium ions in the intestinal lumen. In
contrast, Van der Meer and Lapr6 proposed that not soluble calcium ions, but
insoluble calcium phosphate, would bind and thus precipitate bile acids and fatty acids.
Numerous in vitro, anirnal and human studies have demonstrated the different
steps in the mechanisnr of the antiproliferative effect of dietary calcium on colonic
epithelium. However, the role of phosphate in this mechanisrn, which differs between
the two proposed hypotheses, has hardly been studied. Knowledge about the role of
phosphate is relevant, because the major sources of dietary calcium in Western
countries are milk and dairy products, which contain equimolar concentrations of
calcium and phosphate. Whether phosphate plays an antagonistic role, or is involved
in the mechanism of binding bile acids and fatty acids, has important implications for
the use of dairy products as a possible source of dietary calcium in the prevention of
colorectal cancer. Therefore, this thesis concentrates on the following topics: (l) the
role of dietary phosphate in the mechanism of the protective effect of dietary calcium
on colorectal carcinogenesis, (2) the nutrit ional implications of the role of phosphate,
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and (3) more insight into the mechanism of the effects of dietary calcium and
phosphate on the metabolic risk factors of colorectal cancer.
First, in in vitro studies the physiological and physico-chemical interactions
between calcium, phosphate and bile acids were investigated under conditions which
mimic the proximal small intestine (Chapter 2). It was shown that freshly formed,
amorphous, calcium phosphate binds and thus precipitates glycine-conjugated and
unconjugated bile acids, whereas taurine-conjugated bile acids show little binding.
Dihydroxy bile acids hardly adsorb to other insoluble calcium phosphates, including
hydroxyapatite, which is a crystalline calcium phosphate. Binding occurs above a bile-
acid-specific rit ical minimum concentration, dependent on bile acid hydrophobicity.
This binding is due to ionic adsorption of monomers of bile acids, followed by their
hydrophobic aggregation on the calcium phosphate surface, probably in the form of
a bilayer. Finally, using human duodenal bile it was shown that amorphous calcium
phosphate, but not Ca?*, preferentially binds and thus precipitates dihydroxy bile
acids, which might explain the selective precipitation of dihydroxy, hydrophobic, bile
acids in the intestinal lumen during dietary calcium supplementation in human
subjects.
Subsequently, the intestinal interactions between calcium, phosphate, fatty acids
and bile acids were studied in rats (Chapter 3). Increasing dietary calcium drastically
decreased the solubil ity of fatty acids in the i leum, colon and feces, as well as the
solubil ity of bile acids in the colon and feces. Similar results were obtained when both
dietary calcium and phosphate are increased. Although dietary calcium strongly
increased the total fecal fatty acid concentration and hardly affected the total fecal bile
acid concentration, their concentrations in fecal water were drastically decreased by
dietary calcium. Consequently, the cytolytic activity of fecal water was decreased.
Again, increasing both calcium and phosphate gave similar results. Hence, it is shown
that dietary phosphate does not inhibit the protective effects of dietary calcium on
cytolytic activity of fecal water.
Then, the antiproliferative effects of milk rnineral (dairy calcium), calcium
carbonate and calciurn phosphate were studied in rats (Chapter 4). Fecal bile acid
excretion was similar in the various diet groups, whereas fatty acid excretion was
stimulated by the calcium supplements in the order calcium carbonate ) calcium
phosphate ) milk mineral. In fecal water, concentrationsof bile acids and fatty acids
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were drastically decreased in all supplemented groups, resulting in a decreased
cytolytic activity of fecal water. In vitro incubation of fecal water of the control group
with amorphous calcium phosphate also decreased the high concentrations of
surfactants and their cytolytic activity. The response of the colonic epithelium to these
primary luminal effects of calcium was a decrease in cell damage and cell
proliferation. This response was similar for all three supplements, indicating that the
antiproliferative ffect of milk mineral is mediated by its calcium content and is not
inhibited by phosphate. Serum gastrin, the possible trophic effect of which could
counteract the antiproliferative ffect of calcium, was increased by the supplements but
no significant correlation was observed between serum gastrin and epithelial
proliferation.
Other matrix components of calcium in dairy products also might affect colonic
epithelial proliferation. Dairy fat was studied previously; dairy protein might be of
interest because a previous study suggested that soybean protein might damage the
colonic epitheliurn. Therefore, dietary soybean protein was compared with dietary
casein, which is the main dairy protein (Chapter 5). Soybean protein stimulated the
fecal excretion of fat and fatty acids, but had no effect on the excretion of bile acids,
when compared with casein. In fecal water, the concentration of bile acids was lower
when soybean protein was fed. In contrast, free fatty acid concentration, as well as
luminal cytolytic activity, were higher in fecal water of rats fed soybean protein.
These luminal effects resulted in a higher epithelial cell damage and proliferation of
colonic epithelium in rats fed soybean protein. This study indicates that the major
dairy protein has a protective ffect on colonic epithelial proliferation, when compared
with soybean protein.
To investigate whether the age-associated incidence of colorectal cancer could
possibly be explained by an increase in metabolic risk factors in older persons, an
observational study was performed in two groups of healthy male adults (27*1 and
56*2y), consuming their habitual diets (Chapter 6). The habitualdiet of young adults
contained more energy, which was mainly derived from fat and animal protein.
However, no differences between the two age groups were seen in the total fecal
excretion of lipids. Fecal mutagenicity was negligible in both groups. Comparison of
fecal water from fresh and freeze-dried feces revealed only small differences. The
concentrations of fatty acids, phospholipids and secondary bile acids, as well as bile
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acid hydrophobicity, in fecal water were lower in older adults. Consequently, cytolytic
activity of fecal water was much lower in the older adults, when compared with the
young adults. These results indicate that the concentrations of soluble secondary bile
acids and other cytolytic surfactants, as well as cytolytic activity of fecal water,
merely reflect differences in habitual diet and is not increased with age.
Finally, a double-blind, cross-over, metabolic study was performed in healthy
male volunteers, in which placebo (calcium depleted) milk products were compared
with regular (calcium rich) milk products (Chapter 7). In each one-week period, the
habitual diet was recorded, and urine and feces collected. Supplemental dairy calcium
was completely recovered in urine and feces. The fecal excretion of calcium,
phosphate and lipids was increased in the calcium-rich period. This indicates intestinal
cornplexation and thus inhibit ion of absorption of these lipids. In fecal water, the
concentrations of (long chain) fatty acids, (esterif ied) bile acids and phospholipids
were decreased due to dairy calcium supplementation. Consequently, the cytolytic
activity of fecal water was decreased. This study shows that dairy calcium (equivalent
to almost one liter of milk per day) precipitates lunrinal cytolytic surfactants and thus
inhibits lunrinal cytolytic activity. This mechanisnr may explain how milk and dairy
products contribute to a nutrit ional modulation of colorectal cancer risk.
